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Description 

METHOD OF ADJUSTING THE VELOCITY 
OF A PRINTHEAD CARRIAGE ACCORDING 
TO THE TEMPERATURE OF THE 

PRINTHEAD 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to inkjet printers, and more 
specifically to a method for improving print quality by in- 
creasing the velocity of the printhead carriage when the 
temperature of the printhead increases. 

[0003] 2. Description of the Prior Art 

[0004] ink-jet printers operate by sweeping a printhead with one 
or more ink-jet nozzles above a print medium and apply- 
ing a precise quantity of ink from specified nozzles as 
they pass over specified pixel locations on the print 
medium. One type of ink-jet nozzle utilizes a small resis- 
tor to produce heat within an associated ink chamber. To 



fire a nozzle, a voltage is applied to the resistor. The re- 
sulting heat causes ink within the chamber to quickly ex- 
pand, thereby forcing one or more droplets from the as- 
sociated nozzle. Resistors are controlled individually for 
each nozzle to produce a desired pixel pattern as the 
printhead passes over the print medium. 

[0005] jo achieve higher pixel resolutions, printheads have been 
designed with large numbers of nozzles. This has created 
the potential for printhead overheating. Each nozzle firing 
produces residual heat. If too many nozzles are fired 
within a short period of time, the ink will become less vis- 
cous and will eject from the printhead at a higher velocity. 

[0006] please refer to Fig.l. Fig.l is a diagram illustrating how an 
ink drop 12 is ejected from a printhead 10 of the prior art 
during normal conditions. The printhead 10 is moved 
across a print medium at a velocity Vp. As the printhead 
10 moves across the print medium, the printhead 10 
ejects a plurality of ink drops 12 at a drop out velocity Vd. 
Using vector addition to add the printhead velocity Vp and 
the drop out velocity Vd, each ink drop 12 is effectively 
ejected from the printhead 10 with a total velocity V at an 
angle 6 from the vertical. A distance from the printhead 
10 to the surface of the print medium is labeled as dis- 



tance S. From the time that the ink drop 12 is ejected 
from the printhead 10 to the time that the ink drop 12 
reaches the surface of the print medium, the ink drop 12 
has traveled a total distance d. 
[0007] please refer to Fig. 2. Fig. 2 illustrates operation of the 
printhead 10 over time during normal conditions. Four 
different time intervals Tl, T2, T3, and T4 are shown in 
Fig. 2 to show how the ink drop 12 is ejected from the 
printhead 10 in succeeding time intervals when the ink in 
the printhead 10 is not excessively heated. Because the 
temperature of the printhead is at an acceptable level for 
each of the four time intervals Tl, T2, T3, and T4, the ve- 
locity V with which the ink drops 12 are ejected is the 
same for each time interval. That is, the viscosity of the 
ink in the printhead 10 is substantially constant for each 
time interval. Since the viscosity is the same in each time 
interval, the drop out velocity Vd is also the same for each 
time interval. The velocity Vp with which the printhead 10 
moves is kept constant. Therefore, as long as the drop out 
velocity Vd is kept constant, the distance d that the ink 
drops 12 are ejected is also the same for each time inter- 
val. 

[0008] please refer to Fig. 3. Fig. 3 illustrates operation of the 



printhead 10 over time as the temperature of the print- 
head 10 rises. In each of the time intervals T1-T4 shown 
in Fig. 3, the velocity Vp with which the printhead 10 is 
moving is constant and the distance S from the printhead 
10 to the print medium is also constant. However, as the 
temperature of the printhead 10 increases over the time 
intervals T1-T4, the viscosity of the ink in the printhead 
10 also increases. As a result, the drop out velocity is no 
longer constant. In time interval Tl, the ink in the print- 
head 10 is at a low temperature, and the ink drop 12 is 
ejected with a drop out velocity Vdl perpendicular from 
the printhead 10. Combining the velocity Vp of the print- 
head 10 with the drop out velocity Vdl, the ink drop 12 is 
effectively ejected from the printhead 10 with a total ve- 
locity VI at an angle 6 i from the vertical. Therefore, the 
ink drop 12 travels a total distance dl before reaching the 
print medium. 

[0009] As the printhead 10 continues to heat up over time inter- 
vals T2-T4, the printhead 10 ejects ink drops 12 at drop 
out velocities of Vd2, Vd3, and Vd4 respectively. Unfortu- 
nately, since the total velocities V2, V3, and V4 are all dif- 
ferent from each other in the different time intervals, the 
distances d2, d3, and d4 that the ink drops 12 travel are 



also different. This difference in distances leads to a 
degradation of print quality, as will be shown below. 
[0010] please refer to Fig. 4 with reference to Fig. 3. Fig. 4 is a dia- 
gram showing degradation of print quality as the temper- 
ature of the printhead 10 increases. A total of eight print 
swaths Swath 1-Swath8 are made on a print medium 20 
shown in Fig. 4. As indicated by the vertical axis, the print 
medium 20 is advanced in an upward direction as suc- 
ceeding print swaths are made. The printhead 10 ejects 
ink drops 12 onto the print medium 20 as the printhead 
10 moves from left to right. Since the temperature of the 
printhead 10 is increasing with each subsequent print 
swath, the distance that the ink drops 12 travel from the 
printhead 10 to the print medium 20 decreases with each 
subsequent print swath. This is analogous to the decrease 
in distances dl-d4 over time intervals T1-T4 in Fig. 3. Due 
to the distances getting shorter with each swath, the im- 
age printed on the print medium 20 appears to shift grad- 
ually to the left with each succeeding print swath, and 

print quality suffers as a result. 
Summary of Invention 

[0011] it j S therefore an objective of the claimed invention to 

provide a method for keeping the distance that ink drops 



are ejected from a printhead sufficiently constant as the 
printhead heats up in order to solve the above-mentioned 
problems. 

[0012] According to the claimed invention, a method for control- 
ling printing quality in an inkjet printer having a printhead 
with a plurality of nozzles is disclosed. The printhead is 
mounted in a carriage, and the carriage is moved to re- 
peatedly pass the printhead across a print medium in in- 
dividual swaths. The method includes firing individual 
nozzles repeatedly during each swath to apply an ink pat- 
tern to the print medium, measuring the temperature of 
the printhead prior to each swath, comparing the temper- 
ature of the printhead to at least one reference tempera- 
ture, and if the temperature of the printhead is greater 
than the reference temperature, raising the velocity of the 
carriage during the upcoming swath for ensuring that a 
distance ink is ejected from the printhead to the print 
medium is kept substantially constant during each swath. 

[0013] it is an advantage of the claimed invention that the veloc- 
ity of the printhead is adjusted as the temperature of the 
printhead changes for keeping the distance that ink is 
ejected considerably constant for maintaining the quality 
of printed images. 



[0014] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0015] Fig.l is a diagram illustrating how an ink drop is ejected 
from a printhead of the prior art during normal condi- 
tions. 

[0016] pig. 2 illustrates operation of the printhead over time dur- 
ing normal conditions. 

[0017] pig. 3 illustrates operation of the printhead over time as 
the temperature of the printhead rises. 

[0018] Fig. 4 is a diagram showing degradation of print quality as 
the temperature of the printhead increases. 

[0019] Fig. 5 is a functional block diagram of an inkjet printer ac- 
cording to the present invention. 

[0020] Fig. 6 is a lookup table stored in a memory of the inkjet 
printer. 

[0021] Fig. 7 is a flowchart illustrating adjusting the velocity of 
the carriage based on the temperature of the printhead 
according to the present invention. 

[0022] Fig. 8 illustrates operation of the printhead over time as 



the temperature of the printhead rises. 
Detailed Description 

[0023] jo compensate for the variation in the drop out velocity of 
ink ejected from the printhead, the present invention ad- 
justs the velocity of the carriage in which the printhead is 
mounted. By adjusting the velocity of the carriage in re- 
sponse to a change in the temperature of the printhead, 
the ink will be ejected from the printhead at a substan- 
tially constant angle and will be ejected for an approxi- 
mately constant distance no matter what the temperature 
of the printhead is. 

[0024] please refer to Fig. 5. Fig. 5 is a functional block diagram of 
an inkjet printer 50 according to the present invention. 
The inkjet printer 50 contains a printhead 64 mounted in 
a carriage 58. A carriage motor 56 moves the carriage 58 
back and forth along a print medium. The carriage motor 
56 in turn is driven by a motor driver 54. An interface cir- 
cuit 60 is used to send and receive signals between all 
components of the inkjet printer 50, and a control circuit 
68 is used to control operation of the inkjet printer 50. 
When a host computer 40 prints images on the inkjet 
printer 50, the host computer 40 sends print data to the 
interface circuit 60. The interface circuit 60 then sends 



the print data to a printhead driving circuit 62, which 
drives the printhead 64 to eject ink for printing images. 
[0025] The inkjet printer 50 also contains a temperature sensor 
66 for measuring a temperature of the printhead 64. The 
temperature sensor 66 preferably measures the tempera- 
ture of the printhead 64 prior to each print swath that the 
printhead 64 makes. Please refer to Fig. 5 and Fig. 6. Fig. 6 
is a lookup table 53 stored in a memory 52 of the inkjet 
printer 50. Before each swath that the printhead 64 
makes, the control circuit 68 compares the temperature of 
the printhead 64 measured by the temperature sensor 66 
with a plurality of temperature ranges in the lookup table 
53. For instance a first temperature range contains tem- 
peratures greater than or equal to Tempi and less than 
Temp2. Associated with the first temperature range is a 
velocity Veil. According to the temperature range that the 
temperature of the printhead 64 falls into, the control cir- 
cuit 68 determines from the lookup table 53 the proper 
velocity for the carriage 58. The control circuit 68 then 
sends this velocity information to the motor driver 54 for 
driving the carriage motor 56. A general trend of the 
lookup table 53 is that as the temperature of the print- 
head 64 increases, the velocity of the carriage 58 also in- 



creases. 

[0026] since the carriage 58 will be moving the printhead 64 

across the print medium more quickly as the temperature 
of the printhead 64 increases, the printhead 64 also has 
to eject ink drops at a higher rate in order to create the 
proper images on the print medium. To ensure that the 
printhead 64 ejects ink drops at the proper rate, a posi- 
tion detector 70 is used to detect the position of the 
printhead 64 as it moves across the print medium. The 
control circuit 68 then controls the printhead driving cir- 
cuit 62 to adjust the rate at which ink drops are ejected 
from the printhead 64 according to the position measured 
by the position detector. 

[0027] please refer to Fig. 7. Fig. 7 is a flowchart illustrating ad- 
justing the velocity of the carriage 58 based on the tem- 
perature of the printhead 64 according to the present in- 
vention. Steps contained in the flowchart will be explained 
below. 

[0028] step 100:Power on the inkjet printer 50;Step 102:Receive 
print data from the host computer 40;Step 104:Enable the 
printing process of the inkjet printer 50;Step 106:Detect 
the temperature of the printhead 64 using the tempera- 
ture sensor 66;Step 108:Compare the temperature of the 



printhead 64 with temperature ranges located in the 
lookup table 53 that is stored in the memory 52;Step 
110:Adjust the velocity of the carriage 58 according to the 
velocity indicated by the lookup table 53;Step 112:Print 
one swath on the print medium. During each swath, indi- 
vidual nozzles are fired repeatedly to apply an ink pattern 
to the print medium;Step 114:Determine if the printing 
job is complete; if so, go to step 116; if not, go back to 
step 106; and Step 116:Stop the printing process. 
[0029] As described above, the temperature of the printhead 64 
is preferably measured with the temperature sensor 66 
and compared with the lookup table 53 before every print 
swath. Of course, the temperature can also be compared 
at other intervals, such as every two swaths or every three 
swaths. 

[0030] please refer to Fig. 8. Fig. 8 illustrates operation of the 
printhead 64 over time as the temperature of the print- 
head 64 rises. Like Fig. 3, in Fig. 8 in each of the four time 
intervals T1-T4, the drop out velocities Vdl-Vd4 are not 
constant due to the variation in temperature of the print- 
head 64. To compensate for this, the velocity of the car- 
riage 58 is adjusted to have values of Vpl-Vp4 over the 
time intervals T1-T4. Thus, the total velocities with which 



ink drops 65 are ejected from the printhead 64 are 
Vl"-V4" for the time intervals T1-T4, respectively. A char- 
acteristic of the present invention is that the ink drops 65 
are ejected from the printhead 64 at an approximately 
constant angle 6 from the vertical. In addition, from the 
time that the ink drops 65 are ejected from the printhead 
64 to the time that the ink drops 65 reach the surface of 
the print medium, the ink drops 65 have traveled a total 
distance of d. This distance d is substantially constant for 
each time interval T1-T4, even though the temperature of 
the printhead 64 is not constant. Since the distance d is 
constant throughout the printing process, the inkjet 
printer 50 prints images that have improved print quality 
compared to the prior art. Thus, the present invention will 
not suffer from the problem of staggered rows in the 
printed image, as was the case in the prior art image 
shown in Fig. 4. 

[0031] Although the control circuit 68 preferably compares the 

temperature of the printhead 64 with the plurality of tem- 
perature ranges in the lookup table 53, only one reference 
temperature is needed to implement the present inven- 
tion. If the temperature of the printhead 64 is greater than 
the reference temperature, then the velocity of the car- 



riage 58 is set to be a first velocity. On the other hand, if 
the temperature of the printhead 64 is less than the refer- 
ence temperature, the velocity of the carriage 58 is set to 
be a second velocity. Keeping with the spirit of the 
present invention, the first velocity is higher than the sec- 
ond velocity. 

[0032] | n summary, the present invention method and inkjet 

printer eject ink drops from the printhead at an approxi- 
mately constant angle and for a substantially constant 
distance regardless of the temperature of the printhead. 
Therefore, print quality will be consistent even with varia- 
tions in temperature of the printhead. 

[0033] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



